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Qlnited 
States 




The Director of the United States 
Patent and Trademark Office 

Has received an application for a patent for a 
new and useful invention. The title and descrip- 
tion of the invention are enclosed. The require- 
ments of law have been complied with, and it 
has been determined that a patent on the in- 
vention shall be granted under the law. 

Therefore, this 

United States Patent 

Grants to the person(s) having title to this patent 
the right to exclude others from making, using, 
offering for sale, or selling the invention 
throughout the United States of America or im- 
porting the invention into the United States of 
America for the term set forth below, subject 
to the payment of maintenance fees as provided 
by law. 

If this application was filed prior to June 8, 
1995, the term of this patent is the longer of 
seventeen years from the date of grant of this 
patent or twenty years from the earliest effec- 
tive U.S. filing date of the application, subject 
to any statutory extension. 

If this application was filed on or after June 8, 
1995, the term of this patent is twenty years from 
the U.S. filing date, subject to any statutory ex- 
tension. If the application contains a specific 
reference to an earlier filed application or ap- 
plications under 35 U.S.C. 120, 121 or 365(c), 
the term of the patent is twenty years from the 
date on which the earliest application was filed, 
subject to any statutory extensions. 



Director of the United States Patent and Trademark Office 




NOTICE 

If the application for this patent was filed on or after December 12, 1980, maintenance fees 
are due three years and six months, seven years and six months, and eleven years and six 
months after the date of this grant, or within a grace period of six months thereafter upon 
payment of a surcharge as provided by law. The amount, number of timing of the mainte- 
nance fees required may be changed by law or regulation. Unless payment of the applicable 
maintenance fee is received in the United States Patent and Trademark Office on or before 
the date the fee is due or within a grace period of six months thereafter, the patent will 
expire as of the end of such grace period. 




d2) United States Patent 

Uchiyama 





06800326B 



(io) Patent No.: US 6,800,326 Bl 
(45) Date of Patent: Oct. 5, 2004 



(54) METHOD OF TREATING A SURFACE OF A 
SURFACE OF A SUBSTRATE CONTAINING 
TITANIUM FOR AN ORNAMENT 

(75) Inventor: Akira Uchiyama, Suwa (JP) 

(73) Assignee: Seiko Epson Corporation, Tokyo (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No : 09/606,878 

(22) Filed: Jun. 29, 2000 

Related U.S. Application Data 

(62) Division of application No. 09/007,129, filed on Jan. 14, 
1998, now Pat, No. 6,087,018. 

(51) Int CI. 7 B05D 3/04; B44C 1/22 

(52) U.S. CI 427/309; 427/327; 427/388.1; 

427/376.4; 427/376.8; 134/2; 134/41; 216732; 

216/101 

(58) Field of Search 427/327, 307, 

427/309, 384, 388.1, 397.7, 397.3, 376.1, 
376.2, 376.4, 376.8; 134/2, 41; 216/32, 

53, 75, 83, 101 

(56) References Cited 

U.S. PATENT DOCUMENTS 

3,650,861 A * 3/1972 Angell 156/18 

3,969,195 A * 7/1976 Dotzer et al 204/14 N 



4,525,250 A * 6/1985 Farmbacher-Lutz 

et al 204/58.5 

4,588,480 A * 5/1986 Thoma 204/37.1 

4,692,385 A 9/1987 Johnson 428/469 

4,906,524 A * 3/1990 Takao 428/336 

4,938,850 A * 7/1990 Rothschild et al 204/29 

5,006,419 A * 4/1991 Grunke et al 428/623 

5,079,089 A 1/1992 ho 428/336 

5,102,697 A 4/1992 Grunke et al. 

538,332 A * 3/1994 Andrus et al. 428/469 

- 5,445,892 A 8/1995 Riedl 428/469 

5,603,338 A * 2/1997 Beaty 128/898 

5,811,194 A 9/1998 Kurze 428/469 

FOREIGN PATENT DOCUMENTS 

JP 11563 * 1/1988 

JP 63-11563 U 1/1988 

JP 3-153880 A 7/1991 

JP 41656 * 2/1992 

JP 4-41656 A 2/1992 

JP 7-311369 A 11/1995 

* cited by examiner 

Primary Examiner— Brian K. Talbot 

(74) Attorney, Agent, or Firm— Stroock & Stroock & Lavan 

LLP 

(57) ABSTRACT 

A method for treating surfaces of titanium or titanium alloys 
which includes the steps of applying a treatment for remov- 
ing surface adhesion substances from the surface and then 
forming a transparent protective layer on the surface. 

21 Claims, 3 Drawing Sheets 



lOa 



U.S. Patent Oct. 5, 2004 Sheet 1 of 3 



US 6,800,326 Bl 



Fi g. 1 



IOa 




Fig. 2 



IOa 



U.S. Patent Oct 5, 2004 Sheet 3 of 3 



US 6,800,326 Bl 



Fig. 5 



IOa 




Fig. 6 



IOa 



US 6,800,326 Bl 



1 



2 



A/nrrann OF TRF ATING A SURFACE OF A a titanium alloy as a starting material. An appropriate cutting 

%VSS^i^^SSiG Process can be applied to the facing member produced by 

TITANIUM FOR AN ORNAMENT press molding, if required. 

Although titanium has advantages, problems can also 
This application is a divisional of . application Sen No. 5 exist when titanium is used for the facing case of a wrist- 
09/007 129 filed on Jan. 14, 1998, now U.S. Pat. No. watch. Although honing processing (homng finish) is the 
6 087 018 most frequently used machine works for finishing the sur- 

face of a facing case constructed from titanium, the surface 
BACKGROUND OF THE INVENTION 0 f the titanium layer is easily damaged and oxidized when 

io bombarded with glass beads during honing processing. This 
This invention relates generally to a method for surtace blacken the surface. Also, because honing processing 

treatment, and an ornament and electronic device, and in ±& surface t0 become uneven, the surface can be 

particular to applying a transparent protective layer on jhe & ^ contaminated w ith fingerprints that are difficult to 
surface of titanium or titanium alloys. wipe off In addition, when titanium is used for 

As described in Japanese Unexamined Utility Model 15 wristwatches, the wristwatches are more easily scratched 
Publication No. 56-74060, Japanese Unexamined Patent because titanium has a Vickers hardness of only 150, which 
Publication No. 58-96869 and Japanese Unexamined Patent is less ^ ^ vickers hardness of 200 for stainless steel 
Publication No. 62-263977, methods for coating a meUd (SUS ) 

surface, such as aluminum, with a rigid transparent coating Accordingly it is desirable to provide a method and 
film thereby adding corrosion resistant, abrasion resistant 2 o product which overcome drawbacks of the prior art. 
and impact resistant properties to the metal surface, are * 

known in the art. The transparent coating film is generally SUMMARY OF THE INVENTION 

composed of a variety of organic resins and inorganic fa with the invention , a 

substances. method for treating surfaces of titanium or titanium alloys 
In one surface coating technique, a transparent coating 25 overcome debacles in the prior art is provided. The 
layer of rigid inorganic materials including aluminum oxide indudes ±t ste ps of applying a treatment for 
or aluminum silicon is conventionally coated on the surface removing surface adhesion substances from the surface and 
of metal facing cases such as those used for watches and ^ fonning a transparent protective layer over the surface, 
clocks. ™ T*^ method of ^ s invention can also be applied to titanium 
In the case of wristwatches, machine works are generally 30 0f Itanium alloy surfaces that have been subjected to 
applied to the surface of facing cases constructed from mac hine works, such as honing processing, nicking process- 
various kind of metals such as stainless steel, brass and other mg Qr jailor finishing. By applying the method of this 
metals. Examples of such machine works are honing pro- invention to a surface constructed from titanium or a tita- 
cessing by blasting fine grains, nicking processing and the sur f a ce acquires an improved appearance 
rnirror finishing by buff finishing or barrel finishing. When 35 having a whitish and glossy, finish. Also, the surface 
such machine works are used, surface adhesion substances becomes more durable thus preventing scratches, abrasions 
such as oxide layers are very likely to form on the surface and corrosion from diminishing the appearance of the sur- 
of the facing cases, thus greatly diminishing the quality of face 

appearance of the wristwatch. Accordingly, it is an object of this invention to provide a 

Recently, titanium has been identified as a light and highly me thod for improving the appearance of titanium or titanium 

corrosion resistant material having a preventive effect for sur f a ces. 

metal allergy. Often, titanium is used in combination with Another object of the invention is to provide a method for 

other metals where titanium is the main component thus improving ^ appearance of titanium or titanium alloy 

forming a titanium alloy. Examples of metals that may be 45 surfaces tQ which mac hine works have been applied, 

combined with titanium are Al. V, Mo, W, Fe, Co Cr, Cu . de a method for 

Ag, Pt, Pd and Zn. The content of these metals is not 

especially limited as long as the metals do not alter the ^^J^ corrosion ^ abrasion resistant, 

intrinsic properties of titanium. S tUl other objects and advantages of the invention will in 

Because titanium and titanium alloys oxidize easily, com- 5Q J^^^^wffl in part be apparent from the 

ponents constructed from these materials often have a tita- part be obvious ana win in pan w 

mum oxide layer (color change layer) formed on their specifications and drawings 

^ Formation of this oxide layer becomes evident . The invention accordingly ^comprises the 

whentiie machine works are applied to the component. The the relation of one or more of such steps with respect to each 
oTan oxide layer caS Wen the surface, which 55 of the others, and the article possessing the ^ feamre , 

Sorates the quality of appearance of the component and properties, and the relation of elements, which are exempli- 

SoS ThouU be avoided ned in the following detailed disclosure, and the scope of the 

Hie facing case of a watch is produced by assembling invention will be mdicated in the claims, 

facing members of watches such as a case body, rear cover, BRIEF DESCRIPTION OF THE DRAWINGS 

cover el ass and the like. A bezel is provided around the go . 

Sh^ofr C overglass(watercrysLl)insomewatches. For a fuller understanding of the invention, references 

SetXoTuicLWorbe^l of u4 facing members made to the following descripuon taken in connection with 

of watches may be produced with titanium or titanium the accompanying drawings, in which: 

alloys FIG. 1 is a cross sectional view of a facing member with 

Tl,e facing members of a wristwatch are often produced 65 an oxide layer formed on the surface; 

by press mofding, casting, powder metallurgy, lost wax and FIG. 2 is a cross sectional view of the facing member of 

metal injection molding (MM) techniques using titanium or FIG. 1 after the oxide layer has been removed, 
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FIG. 3 is a cross sectional view of the facing member of 
FIG. 2 with a transparent protective layer formed on the 
surface; 

FIG. 4 is a cross sectional view of a facing member with 
foreign substances adhering to the surface; 5 

FIG. 5 is a cross sectional view of the facing member of 
FIG. 4 after the foreign substances have been removed; and 

FIG. 6 is a cross sectional view of the facing member of 
FIG. 5 with a transparent protective layer formed on the 
surface. 10 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the FIGS. 1-3, there is shown a surface 
10a of a facing member 10 of a watch after a machine work, 
such as honing processing, has been-applied. An oxide layer 15 
(damaged oxide layer) 11, generated by the oxidation of 
titanium, is formed on surface 10a of facing member 10 
constructed from titanium or a titanium alloy at the location 
where surface 10a suffers mechanical damage due to the 
application of machine works. 20 

Because oxide layer 11 causes blackening of surface 10a 
of facing member, the appearance of the facing case of the 
watch is impaired, even if a transparent protective layer 12, 
such as a glass coating, is later applied to surface 10a. This 
can result in an undesirable "wet" look and detract from the 25 
watch's ornamental appearance. Thus, the presence of oxide 
layer 11 will damage the marketability of a watch as a 
high-class timepiece. 

In accordance with the present invention, the appearance 
of the facing case of a watch constructed from titanium or 30 
titanium alloys is improved by removing oxide layer 11 from 
surface 10a by applying, for example, chemical polishing, 
the result of which is shown in FIG. 2. Chemical polishing 
can be performed by placing surface 10a in contact with an 
etching solution. After oxide layer 11 is removed from 35 
surface 10a, a transparent protective layer 12 is formed on 
surface 10a of facing member, as shown in FIG. 3. 

Preferably, transparent protective layer 12 contains a glass 
component Using such a glass coating layer will create a 
"wetting" effect caused by the refractive indices of the glass, ^ 
which gives surface 10a a whitish, high-gloss appearance. 
This coating layer will also prevent traces of fingerprints on 
surface 10a from spoiling the appearance of facing member 
10. 

Transparent protective layer 12 can be of any thickness. 45 
However, a thickness in the range of 0.2 to 15 um is 
preferred with a thickness in the range 0.8 to 5.0 um more 
preferable. A thickness in the preferred range yields trans- 
parent protective layer 12 having a sufficient protective 
effect as well as having good film quality with few faults. 50 

If transparent protective layer 12 is too thick, cracks 
caused by an impact force on facing member 10 may 
develop because the inner stress in transparent protective 
layer 12 is increased. If transparent protective layer 12 is too 
thin, its ability to prevent fingerprints from adhering to 55 
surface 10a and tiny scratches from appearing on surface 
10a is diminished 

Transparent protective layer 12 can be of any hardness. 
However, a hardness in the range of 180 to 700, (expressed 
by a Vickers hardness defined in JIS Z 2244) is preferred, go 
with a hardness in the range of 300 to 500 more preferable. 
This provides surface 10a with excellent abrasion and 
scratch resistance. 

A method for surface treatment according to a preferred 
embodiment of the invention will now be described for 65 
purposes of illustration and is not intended to be construed 
as limiting. 



1. Elimination of Surface Adhesion Substances 

In this step, foreign materials such as oxide layer 11^ and 
other contaminants (these are generally referred to as "sur- 
face adhesion substances") adhering to surface 10a of facing 
member 10 of a watch, especially on the portion of surface 
10a subjected to machine works, are eliminated. By remov- 
ing the surface adhesion substances from surface 10a, the 
inherent color of the substrate of facing member 10 is 
displayed even if surface 10a has previously exhibited a 
blackish color due to the oxidation of titanium. In this way, 
the quality of appearance of facing member 10 is improved 
because the degree of whiteness is enhanced and a high 
degree of glossiness is achieved. 

Examples of treatments that can be used to remove the 
surface adhesion substances are (a) chemical polishing with 
an etching solution, (b) electropolishing, (c) washing with 
acids, alkali or water and (d) a combination of chemical 
polishing, electrorjolishing and washing. These treatments 
will now be described in more detail, 
(a) Chemical Polishing With Etching Solution 

Chemical polishing with an etching solution is an effec- 
tive method for removing surface adhesion substances, 
especially a layer of titanium oxide. Chemical polishing is 
performed by placing facing member 10 in contact with an 
etching solution, for example, by immersing facing member 
10 in the etching solution. 

There are no specific requirements with respect to the 
composition and temperature of the etching solution, or the 
length of time facing member 10 should be immersed in the 
etching solution. However, it is preferable that the etching 
solution comprises a mixed solution containing hydrofluoric 
acid (HF) nitric acid (HN0 3 ) and sulfuric acid (H 2 S0 4 ). A 
mixed solution of HF and HN0 3 may also be used, but the 
addition of H 2 S0 4 results in surface 10a that is whitish 
without exhibiting any roughness. 

It is also preferable that the etching solution be an aqueous 
solution containing 1% to 10% vol of HF, 15% to 40% vol 
of HNO3 and 30% to 60% vol of H 2 S0 4 . By selecting such 
a composition range (the "optimum range"), the surface of 
facing member 10 can be polished to achieve a sufficient 
whiteness and glossiness within a comparatively short treat- 
ment time, and enable a high productivity polishing yield, 
without causing, roughness to surface 10a, 

When either one of HF and HN0 4 is not present or 
contained in small amounts in the etching solution, etching 
will either not proceed substantially or will proceed slowly. 
For example, if the content of HF is less than 1% vol or the 
content of HN0 3 is less than 15% vol, little etching effect 
will be obtained and the treatment time can be prolonged. 

When the content of HF is greater than 10% vol or the 
content of HN0 3 is greater than 40% vol, surface roughness 
is likely to occur. Surface roughness is also likely to occur, 
resulting in a diminished: etching effect, if the content of 
H 2 S0 4 is less than 30% vol or if the content H 2 S0 4 is greater 
than 60% vol. 

Because surface roughness greatly affects facing member 
10 to which a mirror finishing has been applied, it is more 
preferable to adjust the composition of the etching solution 
to 1% to 5% vol, 15% to 35% vol and 40% to 60% vol for 
HF, HNO3 and H 2 S0 4 , respectively. 

In an exemplary embodiment, the etching solution is 
prepared by mixing 5% vol of commercially available 45% 
to 50% vol hydrofluoric acid, 45% vol of commercially 
available 60% to 70% vol nitric acid and 50% vol of 
commercially available 98% vol concentrated sulfuric acid. 
The composition of the etching solution in this embodiment 
is 2.25% to 2.5% vol of HF, 27% to 3 1 .5% vol of HNO, and 
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49% vol of H 2 S0 4 with the balance water, thereby satisfying 
the optimum range. Chemical etching is then performed by 
immersing facing member 10 in the etching solution for 
about 30 seconds. 

As shown in Examples 8 to 14 in Table 1 below, a good 
appearance can be obtained by appropriately adjusting the 
immersion time in the etching solution or adjusting other 
conditions, such as the temperature of the etching solution, 
even if the composition of the etching solution is out of the 
optimum range described above. Therefore, the composition 
of. the etching solution used in accordance with this inven- 
tion is not necessarily limited to the preferred optimum 
range. 

Hie resulting quality of appearance of polished facing 
members 10 were evaluated by varying the composition of 
the etching solution and immersion times and subsequently 
washing facing members 10 with water. The results are 
listed in Table 1 below, together with the etching conditions. 
Hie substrate for the facing members used in this test was a 
sintered body formed by metal powder injection molding, 
the material being an alloy containing 6% wt of titanium and 
1% wt of Al. Honing processing was applied on entire 
surface 10a of facing member 10. The etching temperature 
was 70° C in all cases. 

TABLE 1 



10 



15 



20 



25 



Composition ratio 



Example 


(% bv volume) 




Immersion time 


No 


HF 


HN0 3 


H 2 S0 4 


5 sec. 


30 sec. 


60 sec. 


1 


5.0 


30.0 


50.0 


B 


A 


A 


2 


1.0 


35.0 


50.0 


B 


A 


A 


3 


10.0 


35.0 


50.0 


A 


A 


B 


4 


5.0 


15.0 


50.0 


B 


A 


A 


5 


5.0 


40.0 


45.0 


A 


A 


B 


6 


5.0 


3o;o 


30.0 


A 


A 


B 


7 


5.0 


30.0 


60.0 


B 


A 


A 


8 


0.5 


35.0 


50.0 


C 


C 


B 


9 


11.0 


35.0 


50.0 


B 


C 


C 


10 


5.0 


13.0 


45.0 


C 


C 


B 


11 


5.0 


42.0 


45.0 


B 


C 


C 


12 


5.0 


35.0 


28.0 


B 


C 


C 


13 


5.0 


25.0 


63.0 


C 


C 


B 


14 


2.5 


35.0 


0 


C 


C 


C 


Comparative 


No etching treatment 


E 






example 1 















30 



35 



40 



45 



The quality of appearance of facing member 10 after 
etching was performed was classified into the following 5 
ranks: 

A: Very good appearance (a very high degree of 
whiteness) 

B: Good appearance (a high degree of whiteness) 

C: Normal appearance (a middle class of whiteness, slight 
roughness on the surface) 

D: Rather bad appearance (blackish, roughness on the 
surface) 

E: Bad appearance (evidently blackish, evident roughness 
on the surface) 

Examples having an appearance rank of A or B are 
acceptable for all applications including those that require an 
especially high-grade of quality, while the examples having 
an appearance rank of C can be used for all applications 
except for those that require an especially high-grade of 
quality. 



50 



In Examples 1 to 7, etching solutions within the optimum 
range were used, while in Examples 8 to 14, etching 
solutions out of the optimum range were used. The products 
treated under the conditions of Examples 1 to 7 attained a 
superior quality of, appearance than those treated under the 
conditions of Examples 8 to 14. 

An excellent appearance was obtained in Examples 1, 2, 
4 and 7 when the immersion time in the etching solution was 
a relatively long time of 30 seconds or 60 seconds, whereas 
an excellent appearance was obtained in Examples 3, 5 and 
6 when the immersion time in the etching solution was a 
relatively short time of 5 seconds or 30 seconds. 

In Example 8, a good appearance was obtained when the 
immersion time in the etching solution was 60 seconds 
because the content of HF was relatively small. On the other 
hand, when the content of HF was relatively large, such as 
in Example 9, a good appearance was obtained when the 
immersion time in etching solution was only 5 seconds. 

In Example 10, a good appearance was obtained when 
the, immersion time in the etching solution was 60 seconds 
because the content of HN0 3 was relatively small. On the 
other hand, when the content of HN0 3 was relatively large, 
such as in Example 11, a good appearance was obtained 
when the immersion time in the etching solution was only 5 
seconds. ^ 

In Example 12, a good appearance was obtained when the 
immersion time was only 5 seconds because the content of 
H 2 S0 4 was relatively small. On the other hand, when the 
content of H 2 S0 4 was relatively large, such as in Example 
13, a good appearance was obtained when the immersion 
time was extended to 60 seconds. 

In Example 14, the appearance was normal for an immer- 
sion time of up to 60 seconds because H 2 S0 4 was not added. 
However, a longer immersion time resulted in a good 
appearance (not shown) . 

In contrast, in Comparative Example 1, where no chemi- 
cal polishing by etching was applied, the quality of appear- 
ance was bad. 

The quality of appearance was also tested by varying the 
treatment time (immersion time) of facing member 10 
subjected to honing processing, using a constant solution 
temperature and using an etching solution having the same 
composition as in Example 3 of Table 1 . The results are 
listed in Table 2 below. 

TABLE 2 



55 







Temp, of solution. 70° C. 
Treatment time (sec.) 






5. 


10 


20 30 40 50- 


60 


70 


A 


A 


A A A A 


B 


B 



60 



65 



The quality of appearance was also tested by varying the 
solution temperature in which facing member 10 subjected 
to honing processing was immersed, and maintaining con- 
stant treatment time (immersion time) using an etching 
solution having the same composition as in Example 3 of 
Table 1 . The results are listed in Table 3 below. 

The methods used for evaluating the quality of appear- 
ance in Table 2 and Table 3 were the same as those used in 
Table 1. 
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TABLE 3 







Treatment time: 30 sec. 
Temo. of solution (° C.) 






25 


30 


40 50 60 70 


75 


80 


B 


A 


A A A A 


A 


B 



As shown in Table 2, an excellent quality of appearance 10 
was obtained at an etching solution temperature of 70° C. 
. and an immersion time of 5 to 50 seconds, with a gradual 
tendency to cause surface roughening when the treatment 
time was 70 seconds or longer. Accordingly, the preferable 
treatment time is 5 to 50 seconds. However, a treatment time 15 
of 5 to 30 seconds is more preferable because it yields better 
surface smoothness and improved productivity. 

Although an excellent quality of appearance was obtained 
for a treatment time of 30 seconds at a temperature range of 
30° C. to 75° C, as shown in Table 3, the whiteness slightly 20 
decreased when the solution temperature was lowered to 25° 
C. Also, the etching effect was so enhanced when the 
temperature was raised to 80° C. that there was a tendency 
to exhibit a slight surface roughness. Based on these 
observations, the preferable solution temperature range is 25 
30° C. to 75° C. However, a more preferable solution 
temperature range is 30° C. to 60° C, because it yields a 
better surface appearance and improves safety by operating 
in a lower temperature range. 

(b) Electropolishing 30 

Electropolishing can also be used to remove surface 
adhesion substances from surface 10a of facing member 10 
of watches constructed from titanium or titanium alloys. 
Electropolishing is performed by dissolving (anode 
dissolution) facing member 10 in an electrolyte solution 35 
using facing member 10 as an anode. Electropolishing is 
described hereinafter referring to FIGS. 4-6. 

A plurality of foreign substances 13, other than the 
substrate metals of facing member 10, adhere to surface 10a 
on which machine works were applied. Foreign substances 40 
13 bombarded into surface 10a are especially present in the 
case when facing member 10 is subjected to honing pro- 
cessing. 

If transparent protective layer 12, such as a coating glass 
layer, is formed on surface 10a without first removing from 45 
surface 10a, foreign substances 13, the adhesive property 
and durability of transparent protective layer 12 will be 
decreased. 

To overcome this problem, in accordance with the present 50 
invention, transparent protective layer 12 is formed on 
surface 10a after foreign substances 13 have been removed 
by applying electropolishing, the results of which are shown 
in FIG. 5. If oxide layer 11 was formed on surface 10a, 
electropolishing can be used to remove oxide layer 11 55 
together with foreign substances 13. 

According to the method described above, the film quality 
and adhesive property of transparent protective layer 12 is 
improved by removing foreign materials 13 from surface 
10a, thereby making surface 10a uniform and substantially 6 q 
smooth. Thus, a transparent protective layer that is highly 
durable will be formed, possessing excellent fingerprint 
adhesion prevention and scratch resistant properties, as 
shown in FIG. 6. 

Although the composition of the electrolyte solution, 65 
temperature, electric current density and treatment time are 
not limited to any particular values to provide the benefits 



under the present invention, preferable values for these 
conditions will be described below. 

It is preferable that the composition of the electrolyte 
solution contain H 3 P0 4 (phosphoric acid). Electrolyte solu- 
tion containing H 3 P0 4 is preferable for the electrolysis 
treatment of titanium or titanium alloys because it yields 
especially good surface properties. 

The preferable concentration of the electrolyte solution is 
8% to 12% vol. If the concentration of H 3 P0 4 is too low, the 
polishing strength is lowered and foreign substances 13 are 
not fully eliminated within a short treatment time. If the 
concentration of H 3 P0 4 is too high, polishing strength is so 
enhanced that the color of facing member of watches 10 may 
be easily changed. 

Although the pH of the electrolyte solution is not limited 
to a particular value, the preferable pH range is usually 1.0 
to 1 .2, with a pH range of 1 .05 to 1 . 1 being more preferable. 

The temperature of the electrolyte solution is not limited 
to a particular value, but is preferably in the range of 25° C. 
to 30° C. 

Electrolysis treatment time is not limited to a particular 
value, but is best determined based on the composition of the 
electrolyte solution and the electric current density used. To 
increase productivity, a treatment time of 3 seconds to 2 
minutes is preferred, with a treatment time in the range of 5 
seconds to 1 minute more preferred. If the electrolysis time 
is too short, electropolishing will be insufficient to yield the 
desired effect. On the other hand, even if electrolysis treat- 
ment time is made longer than the preferable treatment time, 
polishing will not be improved and a loss of productivity 
results. 

The anode electric current density in electropolishing is 
not limited to a particular value, but a current density in the 
range of 0.5 to 10 amps per square centimeter (a/cm 2 )is 
preferable and a current density in the range of 1 to 5 a/cm 2 
is more preferable. By using a current density in the pre- 
ferred range, electropolishing will be rapidly performed and 
produce surface 10a with high a degree of whiteness and 
quality. 

It, the anode current density is too low, sufficient elec- 
tropolishing cannot be achieved in a short treatment time. If 
the anode the current density is too high, the color of surface 
10a of facing member 10 is often changed, (e.g. turns 
yellow), reducing, whiteness, especially if the treatment 
time is prolonged. 

It should be noted that treatment conditions such as the 
composition of the electrolyte solution, the pH and the 
electric current density are not limited to the conditions 
described above. 

The testing procedures used to evaluate electropolishing 
and the results obtained will now be described. 

Facing members 10 used in this test were produced via 
press processing and cutting processing with a honing 
processing applied to entire surface 10a. The composition of 
the metal substrate of facing member 10 that was used was 
pure 11. 

After subjecting facing member 10 to an alkaline degreas- 
ing and acid neutralization treatment, in that order, elec- 
tropolishing was applied to facing member 10 by varying the 
anode electric current density and the electrolysis treatment 
time and using two types of electrolyte solutions followed 
by washing with warm water (70° C.). The quality in 
appearance of facing member 10 was then evaluated. The 
composition of the electrolyte solution and the other elec- 
trolysis conditions are listed in Table 4 below and the results 
are shown in Table 5 below. 
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When electric current density was relatively low 
(Examples 15 and 22), a good quality of appearance was 
obtained by increasing the concentration of phosphoric acid 
or slightly lengthening treatment time. 

When electric current density was relatively high, e.g. 
Examples 20, 21, 26, 27 and 28, a good quality of appear- 
ance was obtained by decreasing the concentration of phos- 
phoric acid or slightly shortening the electrolysis treatment 
time. 

In contrast, the quality of appearance was bad in Com- 
parative Example 2 where electropolishing was not applied. 

(c) Washing Treatments 
_ Washing treatment methods include acid washing, alka- 
line washing (including alkaline degreasing and neutraliza- 
tion with an acid), water washing, warm water washing, 
washing with organic solvents such as alcohol and oil 
washing. One of these methods or an appropriate combina- 
tion of two or more of these method can be used. The 

20 inclusion of a washing step makes it easier to remove surface 
adhesion substances, especially surface contaminants and 
foreign materials having a weak adhering strength. 
An acid solution that can be used for the acid washing: 
25 method is, for example, 3% to 5% of sulfuric acid while the 
alkaline solution that can be properly used for the alkaline, 
washing method is, for example, 3.5% to 5% of Deepsol 
41C (made by Deepsol Co.) a mild alkaline solution. 
The washing procedure may be of any type including 
30 shower washing, jet washing, ultrasonic washing, precision 
washing or simply immersing in a washing solution or 
immersing in washing solution while stirring the solution. 
The temperature of the washing solution is not limited to 
35 a particular value and any temperature in the range of room 
temperature to 100° C. can be used. 

(d) Combination of Chemical Polishing, Electropolishing 
and Washing 

The treatments described above in sections (a) to (c) can 
40 be used in any combination and in any order. For example, 
washing may applied after chemical polishing or electropol- 
ishing to improve the appearance of surface 10a and make 
it cleaner. By combining these different treatment methods, 
™ ^ the appearance of surface 10a can be delicately adjusted, 

The quality of appearance after electropolishing was 45 thereby improving the adhesive property of transparent 



TABLE 4 


Table 4 






Electrolysis 






condition 


Type 1 


Type 2 


Composition of Phosphoric acid (H 3 P0 4 ): 


Phosphoric acid (H 3 P0 4 ): 


electrolyte 


11 vol % waier: balance 


8 vol % water: balance 


solution 






Specific gravity 1.07 


1.08 


of electrolyte 






solution 






Temperature of 30° C 


25° C 


electrolyte 






solution 






Heating 


Quartz-sheathed 


Quartz-sheathed 


method for 


electric heater 


electric heater 


electrolyte 






solution 






Stirring of 


Yes 


No 


electrolyte 






solution 






Cathode 


Stainless 


stainless 


material 


steel 


steel 


TABLE 5 




Anode 






current 


Electrolysis time 



Example 
No 


Electrolysis 
condition 


density 
(A/cm 2 ) 


5 

sec 


15 
sec 


30 
sec 


60 
sec 


120 
sec 


130 

sec 


15 


Typel 


0.5 


B 


A 


A 


A 


A 


A • 


16 


Type 1 


1.0 


B 


A 


A 


A 


A 


A 


17 


Typel 


2.0 


A 


A 


A 


A 


A 


A 


18 . 


Typel 


3.5 


A 


A 


A 


A 


A 


A 


19 


Typel 


5.0 


A 


A 


A 


A 


A 


B 


20 


Typel 


7.0 


A 


A 


A 


A 


B 


B 


21 


Type 1 


10.0 


A 


A 


A 


A 


B 


C 


22 


Type 2 


1.5 


B 


A 


A 


A 


A 


A 


23 


Type 2 


2.5 


A 


A 


A 


A 


A 


A 


24 


Type 2 


4.0 


A 


A 


A 


A 


A 


A 


25 


Type 2 


5.0 


A 


A 


A 


A 


A 


A 


26 


Type 2 


7.0 


A 


A 


A 


A 


A 


A 


27 


Type 2 


10.0 


A 


A 


A 


A 


A 


B 


28 


Type 2 


12.0 


A 


A 


A 


A 


B 


C 


Comparative 


No electropohshing 








E 






example 2 



















classified into the following 5 ranks as shown in Table 5: 

A: Very good appearance (a very high degree of 
whiteness) 

B: Good appearance (a high degree of whiteness) 

C: Normal appearance (a middle class of whiteness, slight 
color change to yellow) 

D: Rather bad appearance (color change to yellow or a 
little foreign substances remain) 

E: Bad-appearance (color change to yellow evident, for- 
eign substances remain) 
Examples having an appearance rank of A or B are easily 
used for all applications including those that require an 
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55 



protective layer 12, as described hereinafter. 

2. Formation of Transparent Protective Layer 

After removing surface adhesion substances, as described 
above, transparent protective layer 12 was formed on surface 
10a of facing member 10 the results of which are shown in 
FIG. 3 and FIG. 6. 

Transparent protective layer 12 can be constructed, for 
example, from a glass coating layer. One method of forming 
the layer in accordance with the invention will now be 
described. 

A glass coating liquid can be applied to surface 10a of 



especially high-grade of quality, while the examples having ^ Tu ,n kT , 

,n onn«o«nJ; Jlu n M A j f „ y. . * 60 facin 8 member of watches 10 by, for example, a coating 

an appearance method * transparent glass 

for those that reqmre an especially high grade of quality. coating layer is forni edonsurface 10a. A suitable glass 

In Examples 15 to 28, all products achieved at least a good coating liquid may be obtained by dissolving and heating an 

quality in appearance. Of these Examples, the ones in which alkali silicate as a main component, together with fine 

anodic electric current density and electrolysis treatment 65 granular silica (An example is the transparent glass coating 

time were made optimum, yielded an excellent quality of agent made by Okuno Seiyaku Kogyo Co., trade name CRM 

appearance. Coat 100). 
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The glass coating liquid (an original liquid) is produced film or»,„;.. j-, .• 

by dissolving 100 parts by weigh! (as convent Z 3 to lue^™ S E™* ^ ^ M ° h ' ^ » d 

fraction) of an alkali silicate such as sodium silicate or mSgS wafer ^ ^ * " Sed b * 
potassium s,Iicate and 5 to 100 parts by weight of fine 

granular silica having a mean grain diameter of 40 urn and s The glass "^"S liaui d can be applied using a variety of 

preferably heating the combination to a temperature in the C0 ^ ag methods including immersion (dipping), sprayinc 

range of 50° C. to 100° C, and more preferably to a ro11 "»» c °ating with a brush 8 ' 

u/„. ■ j j j 10 P referable drying be carried out at a temperature in the 

JSSZ \ ^J** u al m Upper limil of 600 ^ ^ of ^m temperature to 250' C. forTtoS SnuteT 

Z&f k 100 by Weight 0f 1,16 lotal solid fraction the temperature range of 150° C. to 230° C foTto S 

described above, which makes dissolution easy and rapid minutes being more preferable 

process but also improves L mmoul, If ? 8 H T*"' **= temperature or drying time 

protective layer 12 Sally to hZTl f j ranS P arent ^ ls the film qualities (especially 

resistance. ™ y * "* COITOS,on 20 "S*?""' homo 8 en «ty and uniformity of thickness) and 

TT. ru, adhesive property of transparent protecuve laver 12 k 

The ratio of the glass coating liquid to the diluting solvent improved. / P W layer 12 18 

is preferably selected depending on the tVDe of machinp tu 

works applied to facing number 10, e.g. honing 12 tJ2 8 f * ym8 Cyde be several 

nicking processing or mirror finishing 8 M TngX apZ ' m T f™?' ^ ^ * Hquid can te «P^d on 

priate selection will result in improved color tones of Eh 25 ™ T?," ° f ^ 10 ° ° f a wristwatch case usin g 

member 10, including the degree of whiteness and WJT ™ owed a tem P°rary drying at 150° C. for 

glossiness, while maintaining the corrosion «S ab? IL ^ ^ ** Same 81358 «n be 

sion resistant and scratch resistant pm^^S^ foTwtX "* P ° rt ? 1 ° f SUrfaCe 10a (inner surface > 

/protective layer 12 at a high level transparent followed by a temporary drying at 150° C. for 10 minutes. 

«»rtBift5tt " 3SESS aSSr 2 

Honing Processing 35 corrosion resistant, abrasion resistant, scratch rSstaT 

The preferable dilution ratio is 85% or less but a ratio of ™ P3Ct res,stant - fingerprint adhesion preventive and adhe- 

30% to 70% is more preferable. For example, the dilution S,Ve P™**^™- 

wSotflS'- 70 *- 3 Water: ° ri e inal "quid (volume " To improve the corrosion resistance, abrasion resistance 

S^s*3 t *^ < » ""^ n*— u * p=rfdi " ,a ' d 

Nicking Processing r ™ e test ! n ? P rocedu res used to evaluate different coating 

H» Preferable dilution ratio and viscosity for nicking « T T ^ * d, ° M 

« is substantially identical to that for honing pro! l.^^^'.^^J^^^ 

Mirror Finishing .^f (as P° n ^ rted t0 a solid fraction) of sodium silicate 

but a ratio of 90% to 98% is more preferable. For example, 50 >* Erring the solution for about^ hour 

the dUution rauo can be, adjusted to 95%, a watenoriginai (%«) the fine granular silica into aUcali sHicate 

quid (volume ratio) of 95:5, by adding water to the original original liquid was rhen diluted with wate^fvSraSs 

TlT^ fT.n SUy ^ f ^ dilUtCd 80luti0n is P refc rably in t0 P re Pare glass coating solutions with a d.fferS Son 

resistant prope rties SS,?£"S 60 3SfS^5? ? f ' ^ - C ^ 8 "*»*» — «-> 

degree of whiteness or glossies SSS^ , ^£S2 y l £ !f ^ ^ " ta Tab ' C 6 " 
members subjected to mirror finishing. 71,6 resulting quality of appearance, Vickers hardness 

When transparent protective layer 12 is comoosed nf » " c fin8erprint adhesion resistance, scratch resistance and adhe- 
materia, other than glass, for example, Z^Zll^^r^ ^ U ™ ^ 
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TABLE 6 



Viscosity of Thickness of 
coating trans- 
Example Dilution solution parent protective . Appearance 



Fingerprint 
adhesion 



Abrasion resistance 



Adhesive 
property of 
transparent 



No 


ratio 


(cps) 


layer (jim) 


H 


S 


M 


Hv 


resistance 


Test 1 


Test 2 


Test 3 


Test 4 


protective layer 


29 


10% 


500 


10.0 


A 


A 


C 


600 


.© 


© 


© 


© 


© 


© 


30 


30% 


450 


5.0 


A 


A 


C 


500 


© 


© 


© 


© 


© 


© 


31 


50% 


400 


4.0 


A 


A 


B 


350 


© 


© 


© 


© 


© 


© 


32 


70% 


300 


2.0 


A 


A 


B-A 


250 


© 


© 


© 


© 


© 


© 


33 


80% 


250 


0.8 


A 


A 


A 


180 


© 


© 


© 


© 


O 


© 


34 


90% 


200 


1.0 


A 


A 


A 


200' 


© 


O 


O 


O 


O 


© 


35 


95% 


200 


1.0 


A 


A 


A 


200 


o 


O 


O 


O 


O 


O-© 


Com- 


Transparent protective layer is not formed. 










X 


A 


A 


A 


X 




parative 




























example 3 




























Corn- 


80% 


250 


2.0 


E 


D-E 


E 


250 


© 


© 


© 


© 


o 


o 



parative 
example 4 



The reference characters H, S and M in the Appearance 
column in Table 6 correspond to honing processing, nicking 
processing and mirror finishing, respectively. 

The quality in appearance was visually evaluated and 3C 
classified into the following five categories: 

r- 

A: Very good appearance (a very high degree of whiteness 
and glossiness) 

B: Good appearance (a high degree of whiteness and 35 
glossiness) 

C: Normal appearance (a middle class of whiteness and 
glossiness) 

D:. Rather bad appearance (a little whiteness and 
glossiness) 

E: Bad appearance (no whiteness and glossiness) 
Examples having an appearance rank A or B are easily 
used for all applications including those that require an 
especially high-grade of quality, while the examples having 45 
an appearance rank of C can be used for all applications 
except for those that require an especially high grade of 
quality. 

Fingerprint adhesion resistance was evaluated based on 
the degree of fingerprint adhesion caused by a light touch of 
fingers on surface 10a to which machine works H and M 
were applied, and the results were classified into the fol- 
lowing 4 ranks: 

O no adhesion of fingerprint 

O insignificant adhesion of fingerprint 

A some adhesion of fingerprint 

X obvious adhesion of fingerprint 

Scratch resistance was evaluated for surfaces 10a to 
which mechanical work H was applied. In Test 1, surface 
10a was scratched 1.5x10* times with a sheet of cowhide 
under an applied pressure of 500 g/cm 2 . In Test 2, scratching 
was performed with a piece of Aluminum (Al). In Test 3, 
scratching was performed with a piece of Brass (Bs). In Test 
4, scratching was performed with stainless steel wire. The 
results were classified into the following 4 ranks: 



O no trace of scratching 
O insignificant trace of scratching 
A some trace of scratching 
X obvious trace of scratching 

The adhesive property of transparent protective layer 12 
to surface 10a to which machine work S and M were applied 
was evaluated based on the degree of peeling of transparent 
protective layer 12 that occurred when an adhering tape 
placed on surface 10a was peeled off. The adhesive property 
was classified into the following 4 ranks: 
O no peeling of the transparent protective layer 
O insignificant peeling of the transparent protective layer 
A some peeling of the transparent protective layer 
X obvious peeling of the transparent protective layer 
As shown in Table 6, an excellent quality of appearance, 
fingerprint adhesion resistance, scratch resistance and adhe- 
sion property of transparent protective layer 12 was obtained 
in Examples 29 to 35. Also, whiteness, glossiness and the 
quality of appearance was improved when the dilution ratio 
was selected based on the type of machine works (H, S or 
M) applied. 

In contrast, in Comparative Example 3 where no trans- 
parent protective layer 12 was formed, bad fingerprint 
adhesion resistance and scratch resistance properties 
resulted. In Comparative Example 4, where transparent 
protective layer 12 was formed without first applying 
electropolishing, bad quality of appearance and inferior 
adhesion properties of transparent protective layer 12 
resulted. 

The quality of appearance of transparent protective layer 
12, Vickers hardness (Hv), fingerprint adhesion resistance, 
scratch resistance and adhesion properties of transparent 
protective layer 12 were evaluated with respect to the 
samples prepared by the same method as described above, 
except that surface 10a of facing member of watches 10 was 
65 prepared using the electrolysis treatment method with a 
treatment time of 30 seconds. The results are shown in Table 
7 below. 
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TABLE 7 



Example 



Viscosity of Thickness of 
coating trans- 
Dilution solution parent protective 



Appearance 



Fingerprint 
adhesion 



Abrasion resistance 



Adhesive 
property of 
transparent 



No 


ratio 


(cps) 


layer dan) 


H 


S 


M 


Hv 


resistance 


Test 1 


Tesi2 


Test 3 


Test 4 


protective layer 


36 


10% 


500 


10.0 


A 


A 


C 


600 


© 


© 


© 


© 


© 


© 


37 


30% 


450 


5.0 


A 


A 


C 


500 


© 


© 


© 


© 


© 


© 


38 


50% 


400 


4.0 


A 


A 


B 


350 


© 


© 


© 


© 


© 


© 


39 


70% 


300 


2.0 


A 


A 


B-A 


250 


© 


© 


© 


© 


© 


© 


40 


80% 


250 


0.8 


A 


A 


A 


180 


- © 


© 


© 


© 


O 


© 


41 


90% 


200 


1.0 


A 


A 


A 


200 


© 


O 


O 


O 


O 


© 


42 


95% 


200 


1.0 


A 


A 


A 


200 


o 


O 


O 


O 


O 


O-® 


Com- 


Transparent protective layer is not formed. 










X 


A 


A 


A 


X 




parative 
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80% 


250 


2.0 


D 


D 


E 


250 
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© 


© 


© 
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X 


parative 
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As shown in Table 7, an excellent quality of appearance, 
fingerprint adhesion resistance, scratch resistance and adhe- 
sion property of transparent protective layer 12 was obtained 
in Examples 36 to 42. Also, whiteness, glossiness and the 
quality of appearance was improved when the dilution ratio 
was selected based on the type of machine works (H, S or 
M) applied. 

In contrast, in Comparative Example 5, where no trans- 
parent protective layer 12 was formed, bad fingerprint 
adhesion resistance and scratch resistance properties 
resulted. In Comparative Example 6, where a transparent 
protective layer was formed without first applying 
electrbpolishing, bad quality in appearance and inferior 
adhesion properties of transparent protective layer 12 
resulted. 

The coating liquid used to form transparent protective 
layer 12 is not limited to those previously described, and any 
parameter such as composition of the coating liquid, 
temperature, dilution ratio, viscosity or methods of coating 
may be modified. For example, various kinds of coating 
liquids containing inorganic substances such as aluminum 
oxide, silicon oxide or water glass can be used. 

Transparent protective layer 12 is not limited to inorganic 
substances but may also be composed of a polymer material 
(an organic film) such as a rigid resin. Also, the method for 
forming transparent protective layer 12 is not limited to the 
coating methods described above but may also be formed 
using other methods of wet plating or dry plating, for 
example, evaporation, spattering, ion plating or CVD. 

It is usually preferable to form transparent protective layer 
12 within 144 hours after removing the surface adhesion 
substances for surface 10a. Otherwise, an oxidation film 
begins to form on surface 10a which may cause a slight 
color change to surface 10a. 

Application of this invention is not limited to coating of 
approximately the entire surface of facing member of 
watches 10, the facing case or other ornaments, but trans- 
parent protective layer 12 may also be formed on part of 
surface 10a, or on a plurality of portions of surface 10a, of 
facing member 10 of watches, facing cases or other orna- 
ments. 

When a treatment for forming transparent protective layer 
12 is applied by providing a masking on the inner face of 
facing case 10 of watches, transparent protective layer 12 is 



preferably not formed on the inner face of facing case 10 of 
watches. Otherwise, there is a possibility that the peelings 
from transparent protective layer 12, caused when the rear 
cover is snap-fixed to the case, will interfere with the watch 
movements, thus causing the retardation of or halt of the 
watch movements. This can be prevented by not forming 
transparent protective layer 12 on the engaging faces 
between the rear cover and case. Accordingly, the precise 
positioning of mechanical parts of the watch will not be 
adversely affected by transparent protective layer 12. 

This invention is not limited to forming transparent pro- 
tective layer 12 on a titanium or titanium alloy substrate, but 
is also applicable to the formation of transparent protective 
layer 12 on layers of titanium or titanium alloy that have 
been formed on a substrate of a different material. 

Aside from facing cases of wristwatchesi bands or com- 
pleted watches, this invention is also applicable to other 
kinds of watches and clocks such as portable watches, table 
clocks or wall clocks. 

Furthermore, the benefits of the present invention are 
suitable to applications other than clocks and watches, such 
as eye glass frames, tiepins, cufflinks, lighters or their cases, 
pens, rings, necklaces, bracelets, brooches, pendants, 
earrings, piercing rings, coronets, ornaments, decorations, 
decorative goods such as interior products (being more or 
less decorative) and accessories. The invention can also be 
used for electronic devices such as electronic watches and 
clocks, portable phones, pocket bells, calculators, personal 
computers, word processors, printers, copy machines, 
cameras, video equipments, televisions, audio equipments, 
electronic toys and a variety of measuring apparatuses. 

This invention is also suitable for various kind of com- 
ponents constructed from titanium or titanium alloys. 

Thus, according to the foregoing descriptions, this inven- 
tion provides several advantages over the prior art methods 
of surface treating of titanium or titanium alloys. 

By using the present invention an excellent scratch resis- 
tant arid fingerprint adhesion resistant transparent protective 
layer can be formed on the surface of titanium or titanium 
alloys. By using a glass coating liquid, a transparent pro- 
tective layer is easily formed that is highly rigid and that 
provides excellent corrosion and abrasion resistance. 

By using chemical polishing or electropolishing with an . 
etching solution. on the surface of titanium or titanium alloys 
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to remove surface adhesion substances, especially those that 
cause color change, prior to forming the transparent protec- 
tive layer, the inherent colors of the titanium or titanium 
alloys are displayed with a high degree of whiteness and 
glossiness and with an improved quality of appearance. In 5 
this way, ornaments are given a high class appearance, 
increasing their commercial value. 

Also, when chemical polishing with an etching solution is 
used, the appropriate selection of the composition of the 
etching solution or other treatment conditions makes it 10 
possible to produce a polished white surface without causing 
any roughening to the surface. A proper selection of the 
composition of the electrolyte solution, electric current 
density and other treatment conditions makes it possible to - 
obtain a good surface that is smooth thus improving the 15 
degree of whiteness. 

Finally, excellent surface quality can be obtained even 
when machine works such as honing processing, nicking 
processing or mirror finishing have been applied to the 
surface of titanium or titanium alloys. 20 

In one aspect, this invention provides a method for surface 
treatment characterized by forming a transparent protective 
layer after applying a treatment for removing surface adhe- 
sion substances on the surface of titanium or titanium alloys. 

In another aspect, this invention provides a method for 25 
surface treatment characterized by forming a transparent 
protective layer after applying a treatment for removing 
surface adhesion substances on the surface of titanium or 
titanium alloys subjected to machine works. 

This invention enables the prevention of scratches and 30 
contaminations in addition to giving a good quality of 
appearance. The appearance becomes whitish and glossy 
because a transparent protective layer is formed after remov- 
ing surface adhesion substances such as oxide layers, 
thereby an ornament with a high class appearance can be 35 
obtained. The transparent protective layer has a high adhe- 
sive property and good durability. 

It is preferable that the machine work is any one of honing 
processing, nicking processing or mirror finishing. 

Since surface adhesion substances such as an oxide layer 40 
are liable to occur when the machine works above are 
applied, improvements in the quality in appearance are 
further effected. This effect is also displayed when any one 
of the machine works above is applied. 

The facing case of a watch is produced by assembling 45 
facing members of watches such as a case body, rear cover, 
cover glass and the like, a bezel being provided around the 
periphery of the cover glass in some watches. At least one 
of the case body and bezel of the facing members of watches 
may be produced with pure titanium or titanium alloys. This 50 
invention is applicable to a facing member of watches made 
of titanium or titanium alloys. 

Titanium alloys contain titanium as a main component in 
which one or two or more kind of metals are incorporated. 
Examples of the metal to be incorporated into Tx are one or 55 
two or more kind of metals such as Al, V, Mo, W, Fe, Co, 
Cr, Cu, Ag, Pt, Pd and Zn, but are not limited thereto. The 
content of these metals is not especially limited so long as 
the metals do not alter the, intrinsic properties of titanium. 

The facing members of the wristwatch can be produced 60 
by a press molding, casting, powder metallurgy process, lost 
wax process and metal injection molding (MIM) using 
foregoing titanium or titanium alloy as a starting material. 
An appropriate cutting process is especially applied to the 
facing member produced by the press molding, if required. 65 

A machine work is applied, if necessary, on the surface of 
the facing member of watches. Examples of such machine 



work are a honing processing by blasting fine grains, a 
nicking processing and a mirror finishing by buff finishing or 
barrel finishing. 

Titanium is a metal so liable to be oxidized that an oxide 
layer (color change layer) mainly comprising titanium oxide 
is often formed by a surface oxidation. Formation of this 
oxide layer becomes evident when the machine works 
described above are applied. Formation of this oxide layer 
makes the surface blackish and deteriorates the quality in 
appearance, therefore it should be avoided as much as 
possible. 

In a preferred embodiment of the invention,- the transpar- 
ent protective layer is a layer containing a glass component. 

This construction of the invention enables the forming of 
a surface with a sufficient amount of hardness having an 
excel lent scratching resistance, protecting contaminations 
like adhesion of with fingerprints and mechanical damages 
in a high level. 

In a preferred embodiment of the invention, the transpar- 
ent protective layer is formed by allowing a glass coating 
liquid to adhere on the surface subjected to the treatment for 
removing surface adhesion substances, followed by drying. 

This construction of the invention enables the easy form- 
ing of a transparent protective layer with a high adhesive 
property of the layer. 

In a preferred embodiment of the invention, the glass 
coating liquid is used after diluting its original liquid. It is 
especially preferable that the transparent protective layer is 
formed by allowing the glass coating liquid prepared by 
diluting its original liquid in a dilution ratio corresponding 
to the machine works to adhere, followed by drying. 

This construction of the invention enables the improve- 
ment of the degree of whiteness and glossiness while 
maintaining a high degree of corrosion resistance, abrasion 
resistance and scratching resistance. 

In a preferred embodiment of the invention, the viscosity 
of the glass coating liquid is 150 cps (25° C.) or more. 

This construction of the invention further improves cor- 
rosion resistance, abrasion resistance and scratching resis- 
tance. 

In a preferred embodiment of the invention, drying is 
carried out twice or more under different drying conditions. 

This construction of the invention improves film quality 
and adhesive property of the transparent protective layer. 

In a preferred embodiment of the invention, the treatment 
for removing surface adhesion substances is a chemical 
polishing with an etching solution. 

This construction of the invention enables one to effec- 
tively remove the surface adhesion substances, especially a 
layer of titanium oxide. 

In a preferred embodiment of the invention, the etching 
solution comprises a mixed solution containing HF, HN0 3 
and H 2 S0 4 . 

This construction of the invention enables one to make the 
surface white without roughening the surface of Ti or Ti 
alloys. 

In a preferred embodiment of the invention, the etching 
solution is an aqueous solution containing 1 to 10 vol % of 
HF, 15 to 40 vol % of HN0 3 and 30 to 60 vol % of H 2 S0 4 . 

This construction of the invention makes it possible to 
constantly produce an ornament having a high quality in 
appearance with a high productivity. 

In a preferred embodiment of the invention, the tempera- 
ture of the etching solution is 30 to 75° C. and the treatment 
time with the etching solution is 5 to 50 seconds. 

This construction of the invention also makes it possible 
to obtain a better quality in appearance besides improving 
the productivity. 
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In a preferred embodiment of the invention, the treatment 
for removing surface adhesion substances is an electropol- 
ishing. 

This construction of the invention enables one to effec- 
tively remove the surface adhesion substances, especially 
foreign materials and a layer of titanium oxide. 

In a preferred embodiment of the invention, the electro- 
lyte solution used for electropolishing contains H 3 P0 4 . 

This construction of the invention makes surface proper- 
ties after the electrolysis treatment especially good. 

In a preferred embodiment of the invenuon, the elec- 
tropolishing is carried out at an anodic current density of 0.5 
to 10 Amps/cm 2 . 

This construction of the invention makes it possible to 
allow electropolishing with a high whiteness and high 
quality in appearance to be rapidly carried out. 

In a preferred embodiment of the invention, the time for 
the electrolysis treatment is 3 seconds to 2 minutes. 

This construction of the invention makes it possible to 
sufficiently apply a required electropolishing without 
decreasing the productivity. 

In a preferred embodiment of the invention, the treatment 
for removing surface adhesion substances is a treatment at 
least containing surface washing. 
This construction of the invention enables one to easily 
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remove surface adhesion substances, especially surface, 25 in a limiting sense. 



In a preferred embodiment of the invention, the transpar- 
ent protective layer has a Vickers hardness of 180 to 700. 

This construction of the invention further improves the 
abrasion resistance and scratching resistance of the trans- 
parent protective layer. 

In a preferred embodiment of the invention, the ornament 
is a facing member for watches and clocks. 

Since an especially excellent quality in appearance is 
required in the facing member of watches and clocks, this 
invention by which the foregoing effects are obtained can be 
advantageously applied. 

In a preferred embodiment of the invention, a case is 
constructed to contain an electronic device at least a portion 
of which is decorated with the ornament as described 
previously. 

In a preferred embodiment of the invention, the electronic 
device is timepiece such as a watch or clock. 

It will thus be seen that the objects set forth above, and 
those made apparent from the preceding description, are 
20 efficiently attained and, since certain changes may be made 
in the above construction without departing from the spirit 
and scope of the invention, it is intended that al matter 
contained in the above description or shown in the accom- 
panying drawings shall be interpreted as illustrative and not 
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contaminants and foreign materials having a weak adhering 
strength. 

In a preferred embodiment of the invention, the surface 
adhesion substances contain Ti oxide that causes blackening. 



This construction of the invention enables one to enhance 30 be said to fall therebetween. 



It is also to be understood that the following claims are 
intended to cover all of the generic and specific features of 
the invention herein described, and all statements of the 
scope of the invention which, as a matter of language, might 



the degree of whiteness, improving the quality in appear- 
ance. 

This invenuon provides an ornament characterized in that 
a transparent protective layer is formed on the surface of a 
metallic member comprising titanium or titanium alloys 35 
where adhesion substances have been removed. 

This invenuon provides an ornament characterized in that 
a transparent protective layer is formed on the surface where 
machine works are applied on the metallic member corn- 



Particularly it is to be understood that in said claims, 
ingredients or compounds recited in the singular are 
intended to include compatible mixtures of such ingredients 
wherever the sense permits. 
What is claimed is: 

1. A method of treating a surface of a substrate containing 
titanium for an ornament, the surface of the substrate having 
been subjected to a machine working by any of a honing 
processing step, a nicking processing step and a mirror 
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substances have been chemically removed. 

The constructions of this invention enables one to prevent 
damages and contaminations, providing an ornament having 
a high quality in appearance. Because a transparent protec- 
tive layer is applied after removing surface adhesion sub- 45 
stances such as oxide layers, a whitish appearance can be 
obtained together with glossiness, giving a high class sense. 

In a preferred embodiment of the invention, the machine 
work is any one of honing processing, nicking-processing or 
mirror finishing. 50 

When such machine works are applied, surface adhesion 
substances such as oxide layers are so liable to occur that the 
improvement of the quality in appearance becomes more 
eminent. When any one of the machine works above is 
applied, the effect described above can be also displayed. 55 

In a preferred embodiment of the invention, the transpar- 
ent protective layer is a layer containing glass components. 

This construction of the invention enables one to form a 
surface provided with a sufficient amount of hardness 



thereto, the substance being a foreign material, comprising 
the steps of: 

providing the surface containing titanium; 
eliminating the substance adhered to said surface of said 
substrate from said surface; and 

forming a transparent protective layer containing glass by 
the step of; 

selecting a glass coating liquid containing water and 
having a viscosity that is between 200-500 cps at 25° 
C. for the substrate subjected to the honing process- 
ing step or the nicking processing step, and that is 
between 150-250 cps at 25° C. for the substrate 
subjected to the mirror finishing step, 
applying the glass coating liquid chosen in the selecting 
step on said surface from which said adhered sub- 
stance has been eliminated, and 
drying said surface. 
2. The method of claim 1, wherein said glass coating 
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gerprints and from being damaged. 

In a preferred embodiment of the invention, the thickness 
of the transparent protective layer is 0.2 to 15 urn. 

This construction of the invention enables one to obtain a 
sufficient amount of protective effect as well as endowing 65 
me transparent protective group with a good film quality 
with few faults. 



the range of about 20° C. to 250° C. 

3. The method of claim 1, wherein said glass coating 
liquid is formed by the steps of: 

providing an original liquid and a. diluting solvent; and 
diluting the original liquid with the diluting solvent. 

4. The method of claim 1, wherein the step of eliminating 
the substance adhered to said surface of said substrate 
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includes chemical polishing said surface by immersing said 
surface in an etching solution. 

5. The method of claim 4, wherein said etching solution 
comprises hydrofluoric acid, nitric acid and sulfuric acid. 

6. The method of claim 5, wherein said etching solution 
is an aqueous solution comprising 1% to 10% volume of 
hydrofluoric acid, 15% to 40% volume of nitric acid and 
30% to 60% volume of sulfuric acid. 

7. The method of claim 4, wherein the temperature of said 
etching solution is in the range of about 30° C to 75° C. 

8. The method of claim 4, wherein said surface is 
immersed in said etching solution for about 5 to 50 seconds. 

9. Hie method of claim 1, wherein the step of eliminating 
said adhered substance includes electropolishing said sur- 
face with an electrolyte solution. 

10. The method of claim 9, wherein said electrolytes 
solution contains phosphoric acid. 

11. The method of claim 9, wherein said electrolytes 
procedure employs an anodic current density in the electro- 
lyte solution of about 0.5 to 10 Amps/cm 2 . 

12. Th method of claim 9, wherein said electropolishing 
step is performed for about 3 second to 2 minutes. 

13. The method of claim 9, wherein the electrolyte 
solution contains H 3 P0 4 in a concentration in the range of 
about 8% to 12% volume. 
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14. The method of claim 1, wherein said step of elimi- 
nating said adhered substance includes washing said surface. 

15. The method of claim 1, wherein said substance 
adhered to said surface of said substrate contain titanium 

5 oxides that cause blackening of the surface. 

16. The method of claim 1, wherein said ornament is a 
part of a timepiece. 

17. The method of claim 3, wherein the step of forming 
said glass coating liquid includes selecting a dilution ratio 

10 corre t s P° n ding to a selected said machine working and 
diluting said original liquid to a dilution ratio corresponding 
to said selected machine working applied to said surface. 

18. The method of claim 17, wherein said glass coating 
liquid has viscosity of 150 cps at 25° C. or greater and a 
dilution in the range of about 30% to 70%. 

15 19. The method of claim 17, wherein said glass coating 
liquid has a viscosity in the range of about 150 to 400 cps 
at 25° C. and a dilution ratio in the range of about 50% to 
98%. 

20. The method of claim 1, wherein the step of dying said 
20 surface includes drying said surface at least two times under 

different dying condition. 

21. The method of claim 9, wherein a pH of the electro- 
lytes solution is in the range of about 1.0 to 1.2. 



